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A recorder, a disc and a method fi>r recording information on a disc 



This invention relates to a method of recording information on an optical disc 
comprising a first groove, a second groove adjacent to Ihe first groove and a land separating 
the first groove fix)m the second groove by a track pitch distance Tp where the grooves are 
filled with a dye, where the land is covered by the dye, the method con:^rising irradiating a 
5 region of the optical disc with a focused spot of optical energy having a radius Ro between a 
center of the &cused spot and a point in the focused spot where the optical energy 1/e times a 
maximum optical energy of the focused spot, a recorder for recording optical discs 
comprising means for recording information on an optical disc conoprising a first groove, a 
second groove adjacent to the first groove and a land separating the first groove from the 

10 second groove by a track pitch distance Tp where the grooves are filled with a dye, where the 
land is covered by the dye, the reccnrder comprising irradiation means for projecting a focused 
spot of optical energy having a radius Ro between a center of the focused spot and a point in 
the focused spot where the optical energy 1/e times a maximum optical energy of Ihe focused 
spot on the optical disc, and an optical disc comprising a first groove, a second groove 

15 adjacent to the first groove and a land separating the first groove fix)m the second groove by a 
track pitch distance Tp where the grooves are filled with a dye, where the land is covered by 
the dye, for irradiation of the optical disc with a focused spot of optical energy having a 
radius Ro between a center of the focused spot and a point in the focused spot where the 
optical energy 1/e times a maximum optical energy of the focused spot 

20 Such a method is known fix>m optical recording where information on a disc is 

recorded using a focused sfpot with a radius Ro of optical energy. At the radius Ro the focused 
spot has a radiation intensity that is 1/e times the maximum radiation energy of the focused 
spot, typically reached at the center of the focused spot 

The spacing of the tracks or grooves or pits is such that a section of a single 

25 track or groove or a single pit falls inside the focused spot and is irradiated by the optical 
energy for recording while adjacent tracks or grooves or pits are at such a distance that they 
are not comprised in the focused spot within a radius Ro firom the center of the focused spot 

This puts a lower boundary on the spacing between the tracks or grooves or 
pits which is a disadvantage because it reduces the data density of the recording. 
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It is an objective of the invention to overcome this disadvantage and provide a 
method for recording information on a record carrier with an increased data density. 

In order to achieve this objective Ihe method is characterized in that the track 
pitch distance Tp is less or equal to the radius Ro times five divided by three. 
S The track pitch in this case is close to the radius Ro of the focused spot which results in the 
writing region irradiated with a sufficient optical dose comprising the section of the track or 
groove to be writing and getting close to the adjacent tracks or grooves. 

By reducing the track pitch more tracks fit on the record carrier allowing more 
data to be recorded on the same record carrier resulting in an increased data d^isity. 
10 A flirther embodiment of the method is characterized in that the track pitch 

distance Tp is less or equal to the radius Rq times five divided by four. 

The track pitoh in this case is even closer to the radius Ro of the focused spot 
which results in the writing region irradiated wilh a sufficient optical dose comprising the 
section of the track or groove to be writing and getting even closer to the adjacent tracks or 
IS grooves. 

By reducing the track pitch more tracks fit on the record carrier allowing more 
data to be recorded on the same record carrier resulting in an increased data density. 

A further embodiment of the method is characterized in that the track pitoh 
distance Tp is less or equal to the radius Ro times six divided by five. 
20 The track pitoh in this case is even closer to the radius Rq of the focused spot 

which results in the writing region irradiated with a sufficient optical dose comprising the 
section of the track or groove to be writing and getting even closer to the adjacent tracks or 
grooves. 

By reducing the track pitch more tracks fit on the record carrier allowing more 
25 data to be recorded on the same record carrier resulting in an increased data density. 

A further embodiment of the method is characterized in tiiat the sections of the 
grooves are isolated sections surrounded by land. 

By surrounding sections of the grooves with land, essentially seating pits the 
section of the groove is not only delimited firom the adjacent grooves but also fcom the 
30 adjacent sections of the same groove. This allows a better definition of the size of the marks 
written in the sections of the groove, which in turn allows a reduced distance between the 
marks, which in turn results in a higher data density. 

A fiirtiier embodiment of the method is characterized in that the dye has an 
absorption which increases with increasing absorbed optical energy. 
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The section of the focused spot inside the radius Ro, the inner section of the 
focused spot, irradiates the record carrier with an optical energy greater or equal to the 1/e 
times the Tnaximum energy of the optical focused sfpo^ the remaining section of the focused 
spot outside the radius Ro, the outer section of the focused spot, irradiates the record carrier 
5 with an optical energy less than 1/e times the maximum energy of the focused spot. Thus 
when a dye is used where the absorption increases with increasing absorbed optical energy, 
the section of the groove irradiated by the inner section of flie focused spot will receive a 
larger dose of optical ^ergy tiien sections of the groove or sections of the adjacent grooves 
that are irradiated by the outer section of the focused spot 

10 As a result of the irradiation, the rate of absorption of the optical energy by the 

record carrier in the iimer section of the focused spot will increase, leading to more absorbed 
qptical energy, leading to an even hig^or rate of absorption of the optical energy. 
In the outer section the optical energy is lower than in the inn^ section. 
Consequentiy the increase of llie rate of absorption is smaller leading to l^s absorbed optical 

IS energy, leading to a smaller increase of the rate of absorption of the optical energy. 
The dye in effect amplifies the effect of the irradiation by the focused spot. 

Thus, tiie absorption is more localized resulting in marks recorded on the 
record carrier of a smaller size and a smaller groove distance compared to when no such dye 
is used. A higher data density can thus be obtained. 

20 A further embodiment of the method is characterized in that the dye has a 

threshold for tiiermal decomposition or degradation and that the threshold is reached between 
the center of the focused spot and a point in the focused spot where the optical energy is 
equal or more than 1/e times the maximum optical energy of the focused spot 

Since the distribution of optical energy is not imiform across the focused spot 

25 a dye with a threshold will ensure that only in a small section of the focused spot a mark is 
recorded on the record carrier. Lot tiie outer section of the focused spot the optical energy is 
insufBcient to reach the threshold and hence a mark is not recorded on the record carrier. 
The threshold ensures that a well defined mark is recorded since the distribution of the 
optical energy aoross the focused spot is often quite gradual. 

30 Consequentiy only the inner section of the focused spot is used to record a 

mark, which is smaller than when the entire focused spot, inner section and outer section, 
contributes to tiie recordiug of the mark. 
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A further embodiment of the method is characterized in that the land is 
covered by a layer of the dye with a thickness at least 3 times thinner than a depth of the 
groove. 

When the groove is much deeper than the thickness of the layer of 6yc on the 
5 land, more energy is absorbed by the dye m the groove then the dye on the land, resulting in a 
mark that is essentially limited in size by the groove, or in the case of pits, by the size of the 
pits. When the dj^e further has a threshold or has an absorption which increases with 
increasing absorbed optical energy, the mark is even more restricted to the groove or pit. 
Because there is more dye in the groove more optical energy is absorbed by the dye in the 

10 groove then by the dye on the land, leading to the described amplification effect. This 
embodiment ensures that the marks are restricted to the area where most of the energy is 
absorbed, i.e. restricts the width of the mark to the width of the groove or in case of pits to 
the size of the pits. This allows the groove pitch, track pitch and the pit size to be reduced 
since no longer the size of tiie focused spot determines the size of the mark but the width of 

IS the groove and, in case of pits, the size of the pits. 

A further embodiment of the method is characterized in that the dye in the 
groove is thermally insulated fiom a reflection layer 

Since the absorption of the optical energy results in a local increase of 
tenq>erature in the dye, and as a result of that temperature increase to the formation of the 

20 mark, the increase of temperature must be restricted to the area irradiated by the inner section 
of the focused spot to prevent an increase in temperature outside that region to prevent the 
formation of a mark outside that region. By thermally insulating the dye from its 
surroundings the spread heat and the consecutive temperature rise is prevented. 
This can be achieved for instance by increasing the distance between the dye and a metallic 

25 reflection layer that nugfat conduct the absorbed optical energy thermally to the surrounding 
area. This embodiment ensures that the marks are restricted to the area where the energy is 
absorbed, i.e. restricts the width of the mark to the width of the groove or in case of pits to 
the size of the pits. This allows the groove pitch and the pit size to be reduced since it is no 
longer the size of the focused spot that determines the size of the mark but the width of tiie 

30 groove and, in case of pits, the size of the pits. 

By manufacturing a record carrier that insulates the dye fiom the reflection 
layer the use of a smaller groove pitoh or pit size is possible, leading to a record carrier with a 
higher data density. Thermal insulation is achieved by a thin interface barrier, for example a 
dielectric layer such as ZnS-Si02, Si02, SiC or other types of inorganic layers or a thin 



PHNL030976EPP 



5 30.07.2003 
oiganic layer. Also Deep grooves will prevent heat leakage to the metallic mirror. 
Alternatively a non-metallic mirror can be used 

An optical disc according to the invention is characterized in that the track 
pitch distance Tp is less or equal to the radius Ro times jSve divided by Ihree. 
5 The track pitch in this case is close to the radius Ro of the focused spot which 

results in the writing region irradiated with a sufficient optical dose comprising the section of 
the track or groove to be written and getting close to ihe adjacent tracks or grooves. 
By reducing the track pitch more tracks fit on the record carrier allowing more data to be 
recorded on the same record carrier resulting in an increased data density. 
10 An embodiment ofthe optical disc is characterized in that the track pitch 

distance Tp is less or equal to the radius Retimes five divided by four. 
The track pitch in this case is even closer to the radius Ro of the focused spot which results in 
the writing region irradiated with a sufBdent optical dose comprising the section ofthe track 
or groove to be writing and getting even closer to the ac^acent tracks or grooves. 
15 By reducing the track pitch more tracks fit on the record carrier allowing more data to be 
recorded on the same record carrier resulting in an increased data density. 

An embodiment of the optical disc is characterized in that tiie track pitch 
distance Tp is less or equal to the radius Ro times six divided by five. 

The track pitch in tins case is even closer close to the radius Ro ofthe focused 
20 spot which results in the writing region irradiated wilh a sufficient optical dose comprising 
the section ofthe track or groove to be writing and getting even closer to the adjacent tracks 
or grooves. 

By reducing the track pitch more tracks fit on the record carrier allowing more 
data to be recorded on the same record carrier r^ulting in an increased data density. 
25 An embodiment of the optical disc is characterized in that the sections ofthe 

grooves are pite. Pits can be regarded as isolated sections of the groove surrounded by land 
on all sides. ... 

By surrounding sections of the grooves with land, rasentially creating pits, the section of the 
groove is not only delimited fit>m the adjacent grooves but also fix>m the adjacent sections of 
30 the same groove. This allo^ a better definition of the size ofthe marks written in the 

sections of flie groove, which in turn allows a reduced distance between the marks, which in 
turn results in a high^ data density. 

An embodiment of the optical disc is characterized in that the dye has an 
absorption which increases with increasing absorbed optical energy. 
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The section of the focused spot inside the xadius Ro, the inner section of the 
focused spot, irradiates the record carrier with an optical energy greater or equal to the 1/e 
times the maximum energy of the optical focused spot, the remaining section of the focused 
spot outside the radius Ro, the outer section of the focused spot, irradiates the record carrier 
5 with an optical energy less than 1/e times the maximum energy of the focused spot. Thus 
when a dye is used where the absorption increases with increasing absorbed optical energy, 
the section of the groove irradiated by the inner section of the focused spot will receive a 
larger dose of optical energy then sections of tihe groove or sections of the adjacent grooves 
that are irradiated by the outer section of the focused spot 
10 As a result of the irradiation, the rate of absorption of the optical energy by the 

record carrier in the inner section of the focused sfpot will increase, leading to more absorbed 
optical energy, leading to an even higher rate of absorption of the optical energy. 
In the outer section the optical energy is lower than in the inner section. 
Ck)nsequently the increase of Ifae rate of absorption is smaller leading to less absorbed optical 
1 5 energy, leading to a smaller increase of the rate of absorption of the optical energy. 

The dye in e£fect amplifies the effect of the irradiation by the focused spot 
Thus, the absorption is more localized resulting in marks recorded on the 
record carrier of a smaller size and a smaller groove distance compared to when no such dye 
is used. A higher data density can thus be obtained. 
20 An embodiment of the optical disc is characterized in that the dye has a 

tiireshold for thermal decomposition or degradation and that the threshold is reached between 
the center of the focused spot and a point in the focused spot where the optical energy is 
equal or more than 1/e times the maximum optical energy of the focused spot 

Since the distribution of optical energy is not uniform across the focused spot 
25 a dye with a threshold will ensure that only in a small section of the focused spot a mark is 
recorded on the record carrier. In the outer section of the focused spot the optical energy is 
insufficient to reach the threshold and hence a mark is not recorded on the record carrier. 

The threshold ensures that a well defined mark is recorded since the 
distribution of the optical energy across the focused spot is ofi;en quite gradual. 
30 Consequentiy only the inner section of the focused spot is used to record a 

mark, which is smalls than when liie entire focused spot, inner section and outer section, 
contributes to the recording of the mark. 

An embodiment of the optical disc is characterized in that 
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fhe land is covered by a layer of the dye with a fhickness at least 3 times thinner than a depth 
of the groove. 

When the groove is much deeper than flie thickness of the layer of dye on the 
land, more energy is absorbed by the dye in the groove then the dye on the land, resulting in a 
S mark that is essentially limited in size by the groove, or in the case of pits, by the size of the 
pits. When the dye further has a threshold or has an absorption which increases with 
increasing absorbed optical energy, the mark is even more restricted to the groove or pit 
Because there is more dye in the groove more optical energy is absorbed by the dye in the 
groove then by the dye on the land, leading to the described amplification effect. This 

10 embodiment ensures that the marks are restricted to the area where most of the energy is 
absorbed, i.e. restricts the width of the mark to the width of the groove or in case of pits to 
the size of the pits. This allows the groove pitch, track pitch and the pit size to be reduced 
since no longer the size of the focused spot determines the size of the mark but the width of 
the groove and, in case of pits, the size of the pits. 

IS An embodiment of the optical disc is characterized in that the dye in the 

groove is thermally insulated from a reflation layer. 

Since Ihe absorption of the optical energy results in a local increase of 
temperature in the dye, and as a result of that temperature increase to the formation of the 
mark, the increase of temperature must be restricted to the area irradiated by the inner section 

20 of the focused spot to prevent an increase in temperature outside that region to prevent the 
formation of a mark outside that region. By thermally insulating the dye from its 
surroundings the spread of increase of temperature is prevented. 

This can be achieved for instance by increasing the distance between the dye and a metallic 
reflection layer that might conduct the absorbed optical energy thermally to the surrounding 

25 area. This embodiment ensures that the marks are restricted to Ihe area where the energy is 
absorbed, i.e. restricts the width of the mark to tiiie width of the groove or in case of pits to 
the size of the pits. This allows the groove pitch and the pit size to be reduced since no longer 
the size of the focused spot determines the size of the mark but the width of the groove and, I 
case of pits, the size of the pits. 

30 By manufacturing a record carrier that insulates the dye from the reflection 

layer the use of a smaller groove pitch or pit size is possible, leading to a record carrier with a 
hi^er data density. 

A recorder according to the invention is characterized in that the radius Ro is 
greater than or equal to the track pitch Tp times three divided by five. 
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The radius Ro of the focused spot is slightly larger than the track pitch, which 
results in the writing region irradiated with a sujGBcient optical dose comprising Ihe section of 
the track or groove to be written and getting close to the adjacent tracks or grooves. 
For a given value of the radius Ro the track pitch can be reduced so that the focused sfpot gets 
5 closer to the adjacent groove. 

By reducing the track pitch more tracks fit on the record carrier allowing more 
data to be recorded on the same record carrier resulting in an increased data density. 

An embodiment of the recorder according to the invention is characterized in 
that the radius Ro is greater than or equal to the track pitch Tp times four divided by five. 
10 For a given value of the radius Ro the track pitch can be reduced so that the 

focused spot gets closer to the adjacent grooves or even starts to cover sections of the 
adjacent grooves 

The track pitch is thus further reduced compared to the radius Ro of the 
focused spo^ which results in more tracks fitting on the record carrier, allowing more data to 
IS be recorded on the same record carrier resulting in an increased data density. 

A recorder accordiag to the invention is characterized in that the radius Ro is 
greater than or equal to the track pitch Tp times five divided by six. 

For a given value of the radius Ro the track pitoh can be fiirther reduced so that 
the focused spot gets even closer to the adjacent groove or even starts to cover sections of 
20 the adjacent grooves 

The track pitch is thus yet further reduced compared to the radius Ro of the 
focused spot, which results in even more tracks fitting on the record carrier, allowing even 
more data to be recorded on the same record carrier resulting in an increased data density. 
The above description is based on temperature induced degradation, 
25 decomposition or alteration of the dye but photo induced degradation, decon^osition or 
alteration of the dye can equally be applied. 



The invention will now be described in figures. 
30 Figure 1 shows a cross section of a recording medium with grooves. 

Figure 2 shows the radiation area on a recording medium with grooves 
Figure 3 shows the radiation on a recording medium with pits 
Figure 4 shows the temperature profile in a groove resulting fit)m the 



irradiation. 
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Figure S shows a pit structure for multi level recoiding. 
Figure 6 shows a recording stack 
Figure 7 shows an alternative recording stack 

5 

Figure 1 shows a cross section of a recording medium with grooves. 
The record carrier 1 comprises a dye layer 2, a reflective layer 3 and a groove 4a, 4b, 4c. 
To explain the recording of information three grooves 4a, 4b, 4c and two lands Sa, 5b, 
separating the grooves, are shown. When recording information in the central groove 4b to 
10 form marks on the record carrier 1 the dye layer in the central groove 4b is irradiated by a 
laser that applies a dose 7 of optical energy. 

The laser beam has a dose 7 with a non-uniform distribution of cq^tical energy across the 
beam. This dose 7 with a non-uniform distribution is shown in figure 1 as abell curve but 
may diCfer for various optical recording systems. Another exair^le of a non uniform 

1 S distribution across the beam, and consequentiy also non uniform distribution across the 

focused spot on the disc, is the airy pattern. The central section 9a of the focused spot where 
the dose 7 exceeds a jSrst level 8 is aligned with the central groove 4b. The first level 8 is the - 
critical level for mark formation. 

As can be seen in figure 1 the non-uniform distribution of the dose 7 results in 

20 a dose exceeding the first level 8 being applied to the naiddle groove 4b in the central section 
9a, but also to the two lands 5a, 5b next to the central groove 4b. 

The left groove 4a and the right groove 4c receive a dose of optical ^ergy below the first 
levels 

On a regular recording medium the track pitch, i.e. the distance between the 
25 centers of the tracks 4a, 4b, 4c has to be chosen such that the dose 7 of optical energy 

received by the left groove 4a and the right groove 4c or the lands 5a, 5b does not exceed a 
first level 8 where the formation of a mark would occur. 

When the central groove 4b of the recording medium is irradiated with a dose 
of optical energy exceeding the first level 8 a mark is formed in tiie groove 4b in the central 
30 section 9a of the focused spot Because of the groove 4b the formation of the mark will occur 
rapidly since the optical energy absorbed by the thick layer of dye 2 iti the groove 4b will 
alter the characteristics of the dye 2, More dye material will absorb more of the optical dose 
7, thus contributing to flie r^id formation of the mark. On the lands 5a, 5b the outer sections 
9c, 9d of the focused spot irradiate a thiimer layer of dye. The thinner layer of dye on tiie 
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lands Sa, Sb will absorb less of the dose 7 of optical energy. The formation of the mark on the 
lands Sa, 5b will thus be slower than in the central groove 4b. Also the left groove 4a and the 
right groove 4c will receive a dose of Cfpticdl energy. The absorption by the thicker dye in 
those grooves 4a, 4c will be higher compared to the lands Sa, 5b but a dose below the first 
5 level 8, i.e. a dose which is lower than the dose supplied to Ihe central groove 4b, is applied. 
The formation of the mark will thus be slower in the left groove 4a and the right groove 4c 
than in the central groove 4b where a higher dose of qptical energy is applied. The critical 
dose for altering the dye and consequently recording a mark is not reached in the left groove 
4a and the right groove 4c. 
10 By controlling the dose of optical energy and the duration of the irradiation a 

mark that is mainly limited in width to the width of the central groove 4b can be recorded. 
Because of the groove structure and the resulting diCTerences in absorption by the dye in Ihe 
grooves and on the lands the track pitch of the grooves can be reduced allowing a higher data 



15 A first dose 10a and a second dose 10b correspond to the transition from the 

inner section 9a of the beam to the outer section 9b, 9c of the focused sfpot and correspond 
sqpproximately to a dose of optical energy which is 1/e times the maximum dose 8a. 

When a dye 2 is used where the absorption increases wilh increasing absorbed 
dose of optical energy, the section of the central groove 4b irradiated by the central section 9a 

20 of the focused spot will absorb a dose exceeding the first level 8 while the sections of the 
adjacent grooves 4a, 4c that are irradiated by the outer section 9b, 9c of the focused spot 

As a result of the irradiation, the rate of absorption of the optical energy by the 
dye 2 in the central groove 4b will increase, leading to an increased amount of absorbed 
optical energy, leading to even higher rate of absorption of optical energy. 

25 

In the left groove 4a and the rigiht groove 4c the dose of optical energy is 

lower. 

Consequentiy the increase of the rate of absorption is smaller leading to less absorbed optical 
energy, leading to a smaller increase of the rate of absorption of the optical energy. The total 
30 absorbed dose of optical energy is thus lower for Ihe left groove 4a and the right groove 4c 
when cojDopared to Ihe central groove 4b. A mark is thus more r^idly formed in the central 
groove 4b. 

The dye 2 in effect aniplifies the non-uniform distribution of the optical 
energy across the focused spot 
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Thus, fhe absorption is limited to a section of the central groove 4b resulting in 
matks recorded on the record carrier of a smaller size and a smaller groove distance 
compared to when no such dye which increases the rate of absorption with increased 
absorbed optical energy is used. A higher data density can thus be obtained 
S Figure 2 shows the radiation area on a recording medium with grooves 

The beam projects a dose of optical energy in an focused spot 9a, 9b, 9c on the record carrier 
1. The focused spot 9a, 9b, 9c receiving a dose is indicated by an gray shaded oval. The 
focused spot 9a, 9b, 9c shows that the focused spot 9a, 9b, 9c that receives a dose of optical 
energy is not only limited in a radial direction, i.e. perpendicular to the reading direction of 
10 the grooves 4a, 4b, 4c but is also limited in the reading direction, i.e. the tangratial direction, 
of the central groove 4b. 

The outer sections 9b, 9c of the focused spot 9a, 9b, 9c irradiate Ihe lands Sa, 

5b. 

The center region 9a of the focused spot is aligned with the central groove 4b. 
1 S The figure shows a circular focused spot but other shapes can be used as well. 

An observed characteristic of some dy^ is that after writing a mark an 

irradiation with a lower dose r^ailt in a shrinkage of tibie previously recorded mark. 

The present invention can be used advantageously to obtain this effect since the focused spot 

overlaps with adjacent grooves 4a, 4c and, when irradiating the central groove 4b, irradiates 
20 the adjacent grooves 4a, 4c with a lower dose. In figure 2 the areas 9b, 9c of the adjacent 

grooves 4a, 4c that woidd receive such a lower dose are indicated. 

In a first recording pass a first mark 17 with a first size can be recorded in for instance the 

first groove 4a. When recording a mark in the second groove 4b the size of the first mark 17 

is reduced. Thus smaller marks can be obtained allowing an even higher data density to be 
25 acMeved Using 2D-readK>ut methods such sxriaUinarks can stiU be read reU Ina2 

dimensional readout mode, light reflected by ftie data, present in the adjacent data tracks, is 

indeed detected in the central aperture signal. 

When using pits, synchronization of pits is very iniportant since the pits in the 

adjacent tracks need to be placed with hig^ spatial accuracy with respect to pits in the central 
30 track. By aligning the pits and marks spatially to each other a 2 dimensional grid is obtained 

where 2-dimensional read-out can be used advantageously. 

When using pits, synchronimtion of pits is very important since the pits in the 

adjacent tracks need to be placed with high spatial accuracy with respect to pits in the central 

track. Two options exist to solve this problem: 
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1- Pre-mastered lands or spikes for synchronization. 

2. Written long (e.g. 120) pits/marks that enable flie reconstruction of the 

synchronization pattern. Synchronization is done by measuring the long syncs in the adjacent 
track via optical cross talk. Since the track pitch is nmch smaller than the optical spot size 
S (diffiaction limit), it is ejected that Ihe adjacent marks will be detected when focusing on 
the central track. 

Figure 3 shows the radiation area on a recording medium with pits 
When a record carrier with pits 30a, 30b, 30c, 30d, 30e, 30^ 30g, 30h, 30j is used, i,e. 
sections of the grooves 4a, 4b, 4c are separated by lands, the formation of the mark is also 

10 limited by the pits. Instead of two sides of the mark being defined by the groove, the mark is 
defined by all four sides of the pit. 

The focused spot with a non-uniform distribution of the dose of optical energy 
is aligned with a first pit 30e, surrounded by neighboring pits 30a, 30b, 30c, 30d, 30f, 30g, 
30h, 30]. Because the region 31 irradiated by the focused spot is larger than the fibrst pit 30e, 

15 the region 31 also overlaps land area between the pits 30a, 30b, 30c, 30d, 30e, 30f, 30g, 30h, 
30j and even sections 32, 33, 34, 35 of neighboring pits 30b, 30d, 30f, 30h. 
Because the dose of optical energy received by the sections 31, 32, 33, 34 of neighboring pits 
30b, 30d, 301^ 30h is lower than Ihe dose of energy received by Ihe first pit 30e, the rate of 
absorption increases more r^idly in the first pit than in the sections 32, 33, 34, 35 of 

20 neighboring pits 30b, 30d, 30f, 30h. 

This results in the formation of the mark being limited to the first pit 30e. 
Because of the pit the formation of the mark will occvir rapidly since the 
optical energy absorbed by the thick layer of dye in the pit will alter the characteristics of the 
dye - More dye material will absorb more of the optical dose, thus contributing to the rapid 

25 formation of the mark. The land between the pits is covered by a thinner layer of dye. The 
thinner layer of dye on the land will absorb less of Ihe dose of optical energy. The formation 
of Ihe mark on the land around the first pit 30e will thus be slower than in. the pit 30e. Also 
surrounding pits 30b, 30d, 301^ 30h will receive a dose of cyptical energy. The absorption by 
the thicker dye in Ifaose surrounding pits 30b, 30d, 301^ 30h will be higher compared to the 

30 land but a lower dose is ^lied than to the land. The formation of the mark will thus be 

slower in the surrounding pits 30b, 30d, 30j^ 30h than in the first pit 30e where a higher dose 
of optical energy is applied The critical dose for altering the dye, ihe first level 8 as indicated 
in figure 1, is not reached in the surrounding pits 30b, 30d, 30^ 30h. 
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By controlling fhe dose of optical energy and fhe duration of the irradiation a 
jtnark that is mainly limited in width and length to the pit can be formed. 

Because of the pit structure and the resulting differences in absorption by the 
dye in the grooves and on the lands the track pitch of the grooves can be reduced allowing a 
S higher data density. 

An observed characteristic of some dyes is that after writing a mark an 
irradiation with a lower dose result in a shrinkage of the previously recorded mark. 
The present invention can be used advantageously to obtain this effect since the focused spot 
overlaps with adjacent pits 30b, 30d, 30f, 30h in overlap areas 32, 33, 34, 35 and, when 
10 irradiating the central pit 30e, irradiates the adjacent overls^) areas 32, 33, 34, 35 with a lower 
dose. In a first recording pass a first mark with a first size can be recorded in for instance a 
first pit 30b. When recording a made in tiie acgacentpit 30e the size of the first maik in the 
first pit 30b is reduced. Thus smaller marks, even more confined to the pits can be obtained 
allowing an even higher data density to be achieved. This effect can also be used 
15 advantageoiisly to obtain pit shrinkage for the other adjacent pits 30d, 30^ 30h where the 
focused spot overlaps a previously recorded mark. 

Figure 4 shows the temperature distribution in a groove resulting firom the 

irradiation. 

The track pitch is much smaller than the diffraction limited optical spot, which 
20 is possible because of the super-resolution technique we propose for writing the data. The 

pre-grooves in the recording medium are chosen small. The pre-grooved substrate is typically 
covered with a spin-coated dye layer. The dye fills perfectiy the grooves but ahnost no dye 
layer is present at the intermediate lands. If the optical spot is focused on a groove, 
absorption mainly occurs in the grooves, leading to a very localized temperature rise. 
25 In figure 4 cross-sectional temperature distributions 40, 41 are shown that are 

calculated for a wiite-once recording stack at CX)-R conditions. The pre-groove structure 42 
is also indicated in the figure. Shown are typical cross-sectional temperature profiles 40, 41 
in case of groove absorption. The groove is filled with dye material while the lands ace only 
covered with a very thin layer of dye. A ratio of 1 :3 or higher between dye layer thickness on 
30 the land and in the groove is adequate. Further, a referCTtce curve 43 is calculated for the 

situation tiiat no grooves are present in the substrate, i.e. a planar dye layer. It is clearly seen 
tiiat the temperature in tiie groove rises more sharply then outside tiie groove, i.e. the 
temperature rise is mainly limited to the groove. 
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Since it is fhe temperature that alters the dye to form a mark the formation of 
the mark is also mamly limited to the groove 42. By selecting a dye where the absorption 
increases with increased temperature of the dye, resulting fix>m a previously absorbed dose of 
optical energy, the localization of the mark can fiirther be enhanced. 
5 In this way super-resolution can be achieved with narrow grooves. 

The temperature rise is further localized due to the low thermal conductivity of 
the organic materials applied in the storage medium. A second effect is the threshold 
behavior of typical dyes. Only if a certain temperature is exceeded, the dye material starts to 
deteriomte (bleach or decompose). Another effect making this threshold effect stronger is the 
10 temperature-dependent absorption of the recording dye. These effects cause that mainly the 
central part of the optical (and thermal) spot cause the formation of a pit If the data track- 
pitch is significanfly reduced, for example 180 nm in case of Blu-ray Disc conditions, marks 
can be written in the central track without substantial deterioration of the data in tiie adjacent 
ttacks. It is however noted that some pit-shrinkage effects may occur but this can be 
15 compensated for in a dedicated calibration routine. 

In a 2 dimensional readout mode, light reflected by the data present in tiie 
adjacent data tracks, is indeed detected in the central aperture signal. By aligning the pits and 
marks spatially to each olher a 2 dimensional grid is obtained where 2-dimensional read-out 
can be used advantageously. 
20 Figure S shows a pit stmcture for multi level recording 

A track 50 comprises multiple pits 51, 52, 53, 54, 55, 56, 57, 58, 59. 
A group of pits 51, 52, 53, 54 forms a unity cell 55. This allows multilevel recording. By 
irradiating one or more of the pits 51, 52, 53, 54 of the unity cell 55 the unity cell 55 can 
represent an muM level signal. The first pit 51 of the unity cell 55 can be of a different size 
25 than the other pits 52, 53, 54 of the unity cell 55. This allows the start of the unity cell 55 to 
be determined. In the first xmity cell 55 shown only the first pit 51 is irradiated to form a 
mark. In the second unity cell 56 the fibrst three pits 57, 58, 59 are irradiated to form a mark. 
When using the pr^ent invention the marks recorded on the record carrier are defined by the 
size of the preformed pits which allows the small marks for multilevel recording to be written 
30 because for multilevel recording the levels must be well defined in order to obtain a sufficient 
signal to noise ratio when reading the data fi'om the record carrier. 
Figure 6 shows a recording stack 
The stack is identical to the one shown in figure 1. 
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The lecord carrier 1 coroprises a leflective layer 3, preferably having low 
fheimal conductivity in order to restrict the temperature rise in the groove or pit to the groove 
or pit without conducting heat to adjacent grooves or pits. The reflective layer 3 covers the 
grooves 4a, 4b, 4c (or pits) and lands 5a, 5b. The reflective layer 3 is covered by a dye 2 
5 which fais the grooves 4 but is thin on the lands 5. This stack is irradiated in the direction 
indicated by the arrow. An interfece layer 1 1 can be added between the dye 2 and the 
reflective layer 3 to provide thermal insulation if the reflective layer 3 does conduct heat. 
This inter&ce layer 1 1 can be an organic or anorganic layer which does not absorb optical 
energy and does not conduct heat very weU. 
10 Figure 7 shows an alternative recording stack 

The record carrier 1 com^nises a reflective layer 73, preferably having low 
thermal conductivity in order to restrict the temperature rise in the groove or pit to the groove 
or pit without conducting heat to adjacent grooves or pits. The reflective layer 73 covers the 
dye 72. which in turn fills the grooves 74a, 74b, 74c (or pits) and forms a thin layer on the 
1 5 lands 75a, 75b. This stack is irradiated in the direction indicated by the arrow. 

An inter&ce layer 76 can be added between the dye 2 and the reflective layer 
73 to provide thermal insulation if tiie reflective layer 3 does conduct heat. This interf3u:e 
layer 76 can be an organic or anorganic layer which does not absorb optical energy and does 
not conduct heat very well. 



20 
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CLAIMS: 



1 . Method of lecoxding infotmation on an optical disc con^nising a first groove, 

a second groove adjacent to the fbrst groove and a land separating the first groove fitnn the 
second groove by a track pitch distance Tp where the grooves are filled with a dye, where the 
land is covered by the dye, the mefliod conqmsing irradiating a region of the optical disc with 
5 a focused spot of optical energy having a radius Ko between a cexitex of the focused spot and a 
point in the focused spot where the optical energy 1/e times a tnaxiTnum optical energy of the 
focused spot, characterized in that the track pitch distance Tp is less or equal to the radius Ro 
times five divided by three. 

10 2. Method as claimed in claim 1, 

characterized in tiiat the track pitch distance Tp is less or equal to tiie radius Ro times five 
divided by four. 

3. Method as claimed in claim 1, 

1 S characterized in that the track pitch distance Tp is less or equal to the radius Ro times six 
divided by five. 

4. Method as claimed in claim 1, 
characterized in tiiat the track pitoh is less or equal to Ro 

20 

5. Method as claimed in claim 1, 2, 3 or 4, 
characterized in that the sections of the grooves are pits. 

6. Method as claimed in claim 1, 2, 3, 4 or 5, 

25 characterized in that the dye has an absorption which increases with increasing absorbed 
optical eneigy. 



7. Methodas claimed in claim 1, 2, 3, 4, S or 6, 

characterized in that the dye has a threshold for thermal decomposition or degradation and 
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that the threshold is reached between the center of the focused spot and a point in the focused 
spot where the optical energy is equal or more than 1/e times the maximum optical energy of 
the focused spot. 

S 8. Method as claimed in claim 1, 2, 3 or 4, 

characterized in that 

the land is covered by a layer of the c^e with a thickness at least 3 times thinner than a depth 
of the groove. 

10 9. Method as claimed in claim 6, 7 or 8, 

characterized in that the dye in the groove is thermally insulated from a reflection layer 

10. Method as claimed in claim 1, 2, 3 or 4, 
characterized in that ac^acent marks are spatially aligned to each other. 

15 

1 1. Method as claimed in claim S, 

characterized in that adjacent pits are spatially aligned to each other. 

12. Optical disc comprising a first groove, a second groove adjacent to the first 

20 groove and a land separating tiie first groove firom the second groove by a track pitch distance 
Tp where the grooves are filled with a dye, where the land is covered by the dye, for 
irradiation of the optical disc with a focused sfpot of optical energy having a radius Ro 
between a center of the focused spot and a point in the focused spot where the optical energy 
1/e times a maximum optical energy of the focused spot, characterized in that the track pitch 

25 distance Tp is less or equal to the radius Ro times five divided by three. 

13. Optical disc as claimed in claim 12, 

characterized in that the track pitch distance Tp is less or equal to the radius Ro times five 
divided by four. 

30 

14. Optical disc as claimed in claim 12, 

characterized in that the track pitoh distance Tp is less or equal to the radius Ro times six 
divided by five. 
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15. Optical disc as claimed in claim 12, 
chacactenzed in that the sections of the grooves are pits. 

16. Optical disc as claimed in claim 12, 13 , 14 or 15, 

5 characterized in that the dye has an absorption which increases with increasing absorbed 
optical energy. 

17. Optical disc as claimed in claim 12, 13, 14, 15 or 16, 

characterized in that the dye has a threshold for thermal decomposition or degradation and 
10 that the threshold is reached betwe&ti the center of the focused spot and a point in the focused 
spot wheie the qptical energy is equal or more lhan 1/e times the noiaximum optical energy of 
the focused spot 

18. Optical disc as claimed in claim 12, 
15 characterized in that 

the land is covered by a layer of the dye with a thickness at least 3 times thinner than a depth 
of the groove. 

19. Optical disc as claimed in claim 16, 17, or 18, 

20 characterized in that the dye in the groove is thermally insulated from a reflection layer 

20. Optical disc as claimed in claim 12, 13 or 14, 
characterized in liiat adjacent marks are spatially aligned to each other. 

25 21. Optical disc as claimed in claim 15, 

characterized in that adjacent pits are spatially aligned to each other. 

22. Recorder for recording optical discs comprising means for recording 

information on an optical disc comprising a first groove, a second groove adjacent to tiie first 
30 groove and a land separating the first groove from the second groove by a track pitch distance 
Tp where the grooves are filled with a dye, where the land is covered by the dye, the recorder 
comprising irradiation means for projecting a focused spot of optical energy having a radius 
Ro between a center of the focused spot and a point in the focused spot where the optical 
energy 1/e times a maximum optical energy of the focused spot on the qptical disc. 
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characterized in fhat the radius Ro is greater than or equal to the track pitch Tp times three 
divided by five. 

23. Recorder for recording optical discs comprising means for recording 

5 information on an optical disc comprising a first groove, a second groove adjacent to Ihe first 
groove and a land separating the first groove firom the second groove by a track pitch distance 
Tp where the grooves are filled witih a dye, where the land is covered by the dye, the recorder 
comprising irradiation means for projecting a focused spot of optical energy having a radius 
Ro between a center of the focused spot and a point in the focused spot where the optical 
10 energy 1/e times a maximum optical energy of the focused spot on the optical disc, 

characterized in that the radius Ro is greater than or equal to the track pitch Tp times four 
divided by five. 

24. Recorder for recording optical discs comprising means for recording 

IS information on an optical disc comprising a first groove, a second groove adjacent to the first 
groove and a land separating the first groove fix>m tiie second groove by a track pitch distance 
Tp where the grooves are filled with a dye, where the land is covered by the dye, the recorder 
comprising irradiation means for projecting a focused spot of optical energy having a radius 
Ro between a center of the focused spot and a point in the focused spot where the optical 

20 energy 1/e times a maximum optical energy of the focused spot on the optical disc, 

characterized in that the radius Ro is greater than or equal to the track pitch Tp times five 
divided by six. 
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ABSTRACT: 



When recording information in tracks or in a two-dimensional pattern care 
must be taken not to irradiate the adjacent tracks or pits. This results in a loss of data density 
on the recording medium because of the track pitch or pit distance that must be observed. A 
reduction in track pitch is possible to the point where the focused spot of the laser also 
5 irradiates the adjacent land area and tracks or pits. This increases the achievable data density 
of the recording medium. By using grooves and/or by using a dye with special absorption 
characteristics the effect of the irradiation of the adjacent tracks or pits can be reduced, 
efEectively only recording marks in the desired location. 



10 Fig. 1 
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